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Stimulus equivalence refers to a certain 
pattern of responding that has not been 
directly taught, but seems to emerge in 
certain contexts from sets of learned rela-
tions between stimuli.  A typical stimulus 
equivalence experimental procedure involves 
teaching a participant several conditional 
discriminations that are not currently part 
of his or her behavioral repertoire, and sub-
sequently testing for stimulus equivalence 
among stimuli involved in these newly estab-
lished stimulus classes. To qualify as stimulus 
equivalence, the derived responding must 
have the properties reflexivity, symmetry, 
and transitivity. Reflexivity refers to unrein-
forced matching of identical stimuli included 
among the stimulus relations trained as 
prerequisite for testing stimulus equivalence. 
Symmetry refers to unreinforced responding 
in line with the established stimulus classes 
when the conditional and discriminatory 
functions of the stimuli used in training of 
the conditional discriminations are reversed. 
Transitivity refers to responding indicating a 
more complex recombination of stimuli re-
lated in the prerequisite training. It is possible 
to test transitivity and symmetry simultane-
ously. Such a test has been referred to as a 
global equivalence test or just an equivalence 
test (Sidman, 1986; Sidman & Tailby, 1982).
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re-exposed to the condition they had first experienced. Results show that starting the titration 
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Stimulus equivalence has mainly been 
studied as direct or systematic replications 
of the phenomenon under different circum-
stances with a relatively small N, or by across 
group comparison with a large number of 
participants. Some studies have exposed the 
same participant to more than one condition 
for within-subject comparison (e.g., Arntzen, 
Grondahl, & Eilifsen, 2010; Imam, 2006; 
Smeets & Barnes-Holmes, 2005). As far 
as we know, however, there are no studies 
employing the experimental logic of single-
subject designs to study stimulus equivalence, 
for example by using a withdrawal design. 
This is in contrast to the norm in behavior 
analysis, where single-subject experimental 
designs have been dominant and considered 
the most suitable way to study the subject 
matter at hand (Glenn, Ellis, & Greenspoon, 
1992; Sidman, 1960). In the first experi-
ment of the current study, we wanted to use 
single-subject experimental logic to examine 
stimulus equivalence by exposing partici-
pants to two different stimulus equivalence 
procedures with repeated exposure to one of 
the procedures.
Training structures concern differences in 
how the prerequisite conditional discrimina-
tions are sequentially presented to the par-
ticipant and how stimuli in each stimulus 
class are “linked” in stimulus equivalence 
procedures. It is common to distinguish 
between the three training structures one-
to-many (OTM), many-to-one (MTO), 
and linear series (LS). The LS training 
structure involves the training of a series of 
conditional discriminations where the com-
parison stimulus from one of the prerequisite 
conditional discriminations to be learned 
serves as the sample in another (Saunders 
& Green, 1999). The use of an LS training 
structure has been shown to lead to a lower 
probability of stimulus equivalence perfor-
mance compared to the other two training 
structures,  especially when combined with a 
simultaneous protocol (Arntzen et al., 2010; 
Arntzen & Holth, 1997, 2000; Buffington, 
Fields, & Adams, 1997; Fields et al., 1997). 
In the simultaneous protocol, the test trials 
are not introduced before the prerequisite 
stimulus classes have been established (Fields, 
Landon-Jimenez, Buffington, & Adams, 
1995; Imam, 2006). This expected lower 
yield of stimulus equivalence can allow for 
the study of variation in performance not 
possible to detect under other circumstances 
due a ceiling effect. For this reason, an LS 
training structure in combination with a 
simultaneous protocol was used in the cur-
rent experiments.
Most research on stimulus equivalence 
has employed a simultaneous matching-
to-sample (SMTS) procedure both during 
the training of the prerequisite conditional 
discriminations and during the test for 
stimulus equivalence. In an SMTS proce-
dure the sample stimulus remains accessible 
to the participant as the comparison stimuli 
are presented. Delayed matching-to-sample 
(DMTS) procedures have been used during 
the training of conditional discriminations in 
a few studies. Here the sample will disappear 
and a fixed amount of time will pass until the 
comparison stimuli are presented. Some stud-
ies have found that the use of delays during 
the training will increase the probability of 
participants responding according to the de-
fining relations of stimulus equivalence (Arn-
tzen, 2006; Saunders, Chaney, & Marquis, 
2005). In addition, there are indications that 
longer delays produce more stimulus equiva-
lence outcomes than shorter delays (Arntzen, 
2006). In these types of DMTS procedures, 
the delay between sample disappearance and 
the appearance of the comparison stimuli 
has remained fixed to a specific length of 
time throughout the training procedure. An 
alternative to fixed delays is a titrating delayed 
matching-to-sample (TDMTS) procedure. 
In a TDMTS procedure, the length of the 
delay is a function of the performance of 
the participant. Typically the delay will in-
crease if the participant responds according 
to the experimenter defined contingencies 
and decrease if the participant does not 
respond according to these contingencies. 
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Such a procedure will expose the participant 
to a range of delays, and these delays will 
be introduced gradually as the participant 
is responding correctly according to the ex-
perimenter defined stimulus classes (Ferraro, 
Francis, & Perkins, 1971; Jarrad & Moise, 
1970). 
Arntzen, Eilifsen, and Vaidya (2009) 
compared the use of 100 ms, 3000 ms, and 
12000 ms fixed delays,  and 0–100 ms, 
0–3000 ms, and 0–12000 ms titrating delays 
during the conditional discrimination train-
ing prerequisite for stimulus equivalence test-
ing in a group study with adult participants. 
Note that the 100 ms fixed condition and the 
0-100 ms titration condition are thought to 
be identical and to have a behavioral effect 
similar to a 0 ms delay, as the delay is too 
short to be discriminated by participants. 
The procedure was involved an OTM train-
ing structure, a training structure correlated 
with high stimulus equivalence outcomes. 
The specific values of the delays were chosen 
because there have been several reports of 
changes in priming effects when delays of 
2000–3000 ms have been used. Priming ef-
fects refer to the enduring effects of stimuli 
after they have been removed, typically ex-
amined by looking at response latencies to 
a target stimulus in relation to a previously 
presented priming stimulus (Donahoe & 
Palmer, 1994). Several studies of priming 
show that the priming effects on the target 
response is greatly reduced when the target 
stimulus is not introduced until 2000–3000 
ms after the removal of the priming stimulus. 
It has been suggested in cognitively oriented 
literature on priming that this is the result 
of the limits of visualization strategies used 
in the task, and that when longer delays 
than 2000–3000 ms are employed other 
problem solving strategies are used. These 
strategies are said to involve verbal behavior 
(Phillips & Baddeley, 1971; Posner, Boies, 
Eichelman, & Taylor, 1969). We were for 
this reason interested to see whether using a 
delay of 3000 ms would increase or decrease 
the speed of acquisition of the prerequisite 
conditional discriminations in stimulus 
equivalence procedures compared to using 
higher delays. In addition we wanted to see 
whether the use of this delay value would 
facilitate or retard performance on tests for 
stimulus equivalence. When using fixed 
delays in Arntzen et al. (2009), the 3000 ms 
delay lead to fewer participants responding 
according to stimulus equivalence compared 
to the other conditions. In the other condi-
tions all participants displayed stimulus 
equivalence responding. When using titrat-
ing delays the results were not systematic in 
the same way, with some participants in all 
titrating conditions not responding accord-
ing to stimulus equivalence. One possibility 
is that this difference is found because the 
TDMTS procedure employed in the study 
started with a 0 ms delay and subsequently 
titrated upward. Longer fixed delays, on the 
other hand, by definition start and remain 
at the same relatively high value.
Experiment 1
The purpose of Experiment 1 was to 
investigate whether differential effects on 
performance could be obtained when using 
sample-comparison delays titrating between 
0 and 3000 ms (Condition A) or 5000 and 
8000 ms (Condition B) during the training 
of the discriminations prerequisite for testing 
for stimulus equivalence. The specific values 
of the delays were chosen so that the results 
could be compared to the results obtained in 
the previously mentioned study by Arntzen 
et al. (2009) and the studies on priming by 
Phillips and Baddeley (1971) and Posner et 
al. (1969). This research question was ex-
amined using a variation of a single-subject 
withdrawal design. To address possible order 
effects, half of the participants were exposed 
to the conditions in one order, while the 
other half was exposed to the conditions in 
the reversed order. Specifically, half the par-
ticipants first experienced the A condition, 
followed by the B condition, which was again 
followed by a repetition of the A condition. 
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The other half were first exposed to the B 
condition, then to the A condition, followed 
by the B condition.
Method
Participants and setting. Ten adults be-
tween the age of 20 and 28, three females and 
seven males, took part in Experiment 1. The 
participants were assigned the numbers 4063, 
4064, 4066, 4068, 4069, 4070, 4075, 4076, 
4079, and 4080. All participants were naïve 
concerning the experimental manipulations 
and stimulus equivalence in general. Partici-
pants were recruited by advertising the need 
for paid help in psychology experiments at a 
local student housing complex, and through 
personal connections. All participants were 
paid 100 kroner (approximately € 12) for each 
hour of participation. The experiments took 
place in a laboratory setting, where participants 
sat in an office cubicle situated in a larger room. 
Participants were seated by a desk, facing a 
window covered with blinds that were shut.
Apparatus and stimuli. Two HP Compaq 
nc6320 portable laptop computers equipped 
with 35.6 cm screens and a two-button touch-
pad were used to conduct the experiment. 
Software developed by Psych Fusion, Ltd. in 
collaboration with the second author, and es-
pecially designed to be used in stimulus equiva-
lence experiments, was used to present stimuli, 
record the responding of the participants, and 
to administer Programmed consequences to 
the participants. 45 stimuli measuring between 
3.9 cm and 2.2 cm in height and between 1.9 
and 3.1 cm in width were presented on the 
screen against a white background. All stimuli 
were black and surrounded by a clickable area 
measuring 3.7 cm in height and 8.7 cm in 
width. The stimuli used are depicted in Figure 
1. One stimulus, the sample, would appear in 
the middle of the screen, while three others, the 
comparisons, would appear in three of the four 
corners randomly leaving one corner blank on 
each tria. Programmed consequences consisted 
of text appearing in the middle of the screen. 
This consequence interval also included the 
display of a number indicating the cumulative 
number of correct responses. This number 
was displayed in the right bottom corner of 
the screen. Prior to and after the experiment 
the participants were given printed copies of 
the stimuli in the same size as they appeared 
on the computer screen for a sorting task. 
Set 1 Set 2 Set 3
Figure 1. Stimuli used in the experiment. Set 1 was always employed in the first experimental condition. 
Set 2 was always used in the second condition, while set 3 was employed in the third condition. The 
numbers above each set indicate class membership, while the letters to the left of each set indicate 
members of each class.
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All participants received instructions in Eng-
lish, with the exception of participant 4068, 
who were instructed in Norwegian.”
Information and instructions given to 
participants. Upon arrival in the experimen-
tal setting, participants were instructed to 
read through a consent form that informed 
them about their anonymity and the pos-
sibility to withdraw from the experiment at 
any time. They were also told that data on 
their behavior during the experiment could 
be disseminated in the scientific community. 
Due to the comprehensiveness of the experi-
mental procedure, participants were informed 
that they could choose whether they wanted 
finish their participation in one day or split it 
in into two consecutive days. They were also 
told that they could have short breaks at any 
time. The participants were told to consult the 
experimenter before leaving the experimen-
tal situation and ask whether it was a good 
time to do so. The experimenter would only 
recommend ending participation for the day 
between conditions. Short breaks would only 
be recommended in phases of the experiment 
that included programmed consequences, or 
between conditions. Following this informa-
tion the participants were given printed copies 
of the stimuli to be used in the stimulus equiv-
alence procedure and asked to categorize the 
stimuli as they liked. Participants were asked 
to categorize three sets of stimuli separately. 
Upon completion of this task the participants 
were instructed to have a seat in front of the 
computer. The following instructions were 
presented to the participants on the computer 
screen immediately prior to the start of con-
ditional discrimination training:
A stimulus will appear in the middle of the 
screen. Click on this by using the computer 
mouse. Three other stimuli will then appear. 
Choose one of these by using the computer 
mouse. If you choose the stimulus we have 
defined as correct, words like very good, 
excellent, and so on will appear on the 
screen. If you press a wrong stimulus, the 
word wrong will appear on the screen. At the 
bottom of the screen, the number of correct 
responses you have made will be counted. 
During some stages of the experiment, the 
computer will not tell you if your choices are 
correct or wrong. However, based on what 
you have learned, you can get all the tasks 
correct. Please do your best to get everything 
right. Good Luck!
 
Participants were told to read this text and to 
subsequently push a start button located on 
the bottom of the screen using the touch-pad. 
Procedure. Each experimental condi-
tion included six phases. See Figure 2 for 
an overview of the experimental procedure. 
Phase 1 of the experiment was a TDMTS 
procedure where the delay between the disap-
pearance of the sample and the appearance of 
the comparisons was titrated from a starting 
point to a maximum value. In Condition A 
the initial value was 0 ms and the maximum 
value 3000 ms, while in condition B the de-
lay started at 5000 ms and had a maximum 
value of 8000 ms. Increases and decreases of 
the delay were 250 ms in both conditions, 
resulting in 12 steps of titration. See Figure 3 
for an illustration of the titration procedure. 
Participants 4066, 4068, 4069, 4075, and 
4080 were first exposed to Condition A, then 
to Condition B, followed by a repetition of 
Condition A (ABA-group). Participants 4063, 
4070, 4076, and 4079 were first exposed to 
the B condition, then to the A condition, 
followed by a repetition of the B condition 
(BAB-group). Three different sets of stimuli 
were used, one set for each of the two differ-
ent conditions and one for the re-exposure 
to the first condition. The three stimulus 
sets are depicted in Figure 1. An LS training 
structure was employed with a simultaneous 
protocol and a concurrent introduction of 
the stimulus relations. This meant that all 
AB, BC, CD, and DE trials were introduced 
randomly and mixed. Specifically, the follow-
ing 12 trials were presented to the partici-
pants: A1B1B2B3, A2B1B2B3, A3B1B2B3, 
B1C1C2C3, B2C1C2C3, B3C1C2C3, 
C1D1D2D3, C2D1D2D3, C3D1D2D3, 
D1E1E2E3, D2E1E2E3, and D3E1E2E3. 
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Figure 2. The figure shows the different phases of an experimental condition. The procedure was 
identical for all conditions, with the exception of variations in the starting point of the titrating delay 
between sample and comparisons.
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Phase 1: Training  with a titrating delay and programmed consequences on all 
trials
Simultaneous training of all relations presented mixed and randomly 
A1-B1, B1-C1, C1-D1, D1-E1, A2-B2, B2-C2, C2-D2, D2-E2, A3-B3, B3-C3, C3-D3, D3-E3
Minimum 144 trials
Phase 2: Training with the maximum delay and 75 % consequence probability
Simultaneous training of all relations presented mixed and randomly three times
A1-B1, B1-C1, C1-D1, D1-E1, A2-B2, B2-C2, C2-D2, D2-E2, A3-B3, B3-C3, C3-D3, D3-E3
Minimum 36 trials
Phase 3: Training with the maximum delay and 50 % consequence probability
Simultaneous training of all relations presented mixed and randomly three times
A1-B1, B1-C1, C1-D1, D1-E1, A2-B2, B2-C2, C2-D2, D2-E2, A3-B3, B3-C3, C3-D3, D3-E3
Minimum 36 trials
Phase 4: Training with the maximum delay and 25 % consequence probability
Simultaneous training of all relations presented mixed and randomly three times
A1-B1, B1-C1, C1-D1, D1-E1, A2-B2, B2-C2, C2-D2, D2-E2, A3-B3, B3-C3, C3-D3, D3-E3
Minimum 36 trials
Phase 5: Training with the maximum delay and no programmed consequences
Simultaneous training of all relations presented mixed and randomly  three times
A1-B1, B1-C1, C1-D1, D1-E1, A2-B2, B2-C2, C2-D2, D2-E2, A3-B3, B3-C3, C3-D3, D3-E3
Minimum 36 trials
Phase 6: Test for stmulus equivalence with the maximum delay and no 
programmed consequences
All relations presented mixed and randomly three times
Directly trained relations: A1-B1, B1-C1, C1-D1, D1-E1, A2-B2, B2-C2, C2-D2, D2-E2, A3-B3, 
B3-C3, C3-D3, D3-E3, 
Symmetry: B1-A1, C1-B1, D1-C1, E1-D1, B2-A2, C2-B2, D2-C2, E2-D2, B3-A3, C3-B3, 
D3-C3, E3-D3
Transitivity: A1-C1, A1-D1, A1-E1, B1-D1, B1-E1, C1-E1, A2-C2, A2-D2, A2-E2, B2-D2, B2-
E2, C2-E2, A3-C3, A3-D3, A3-E3, B3-D3, B3-E3, C3-E3
Global equivalence: C1-A1, D1-A1, E1-A1, D1-B1, E1-B1, E1-C1, C2-A2, D2-A2, E2-A2,, D2-
B2, E2-B2, E2-C2, C3-A3, D3-A3, E3-A3, D3-B3, E3-B3, E3-C3
180 trials total 
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The first alphanumeric code in each 
string of letters and numbers represents 
the sample stimulus on a given trial, while 
the underlined alphanumeric codes in-
dicate the correct comparison stimulus. 
First, a sample stimulus appeared on the screen, 
and the participant had to respond to this 
stimulus by clicking on it using the computer 
mouse. Clicking on it would make the sample 
disappear and the comparisons appear after 
a certain amount of time. If the participant 
responded according to the stimulus classes 
meant to be established, the words “correct”, 
“excellent”, “super”, “great”, or “very good” 
appeared in the middle of the screen. If the 
participant made a response to a comparison 
stimulus not in the same experimenter-defined 
class as the sample, the word “wrong” appeared 
in this same spot as the positive feedback. 
In Phase 1 programmed consequences 
were provided on all trials. Both conse-
quences indicating correct choices and 
consequences indicating incorrect re-
sponding lasted for 500 ms, and was fol-
lowed by an inter-trial interval of 500 ms. 
Which comparison stimuli the participant 
responded to and response time to both the 
sample stimuli and comparison stimuli were 
recorded throughout the experiment. Experi-
menter defined class consistent performance 
was evaluated after one titration block, which 
consisted of a presentation of all 12 possible 
trials in a random order. Upward titration of 
250 ms was initiated for one titration block 
if the participant responded according to the 
experimenter defined stimulus classes on 10 
or more of the 12 trials during the previous 
block. Should performance in subsequent 
titration blocks fall below this criterion, there 
would be a 250 ms lower delay in the next 
block. The titration procedure continued 
until the maximum delay was reached (3000 
ms or 8000 ms). When this maximum delay 
was obtained, the delay continued to be in 
effect on all trials for the remainder a training 
block. One training block consisted of three 
repetition of each possible trial type, result-
ing in 36 trials in each block. Specifically, 
this meant that the participant remained 
in Phase 1 for 0, 12, or 24 trials after 
0‐3000 ms condition 5000‐8000 ms condition
0 ms Minimum delay 5000 ms
250 ms 5250 ms
500 ms 5500 ms
750 ms 5750 ms
1000 ms 6000 ms
1250 ms 6250 ms
1500 ms 6500 ms
1750 ms 6750 ms
2000 ms 7000 ms
2250 ms 7250 ms
2500 ms 7500 ms
2750 ms 7750 ms
3000 ms Maximum delay 8000 ms
Figure 3. The steps of the delay for the two different experimental procedures are shown on the left and 
right of the figure. The double-headed arrow in the middle is meant to illustrate that both increments 
and decrements of the delay may occur as a function of participant performance.
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reaching the maximum delay before per-
formance was again evaluated, depending 
on what point in a training block the 
maximum titration value was reached. The 
next phase was initiated if the participant 
responded according to the experimenter 
defined stimulus classes on more that 90 % 
of trials (33 trials) over one training block 
of 36 trials. If not, Phase 1 would continue 
for another training block. During Phase 2 
and in all subsequent phases, the maximum 
titration value remained in effect on all tri-
als.  In Phase 2, there was a 75 % probability 
of programmed consequences on any given 
trial. If participants continued to respond 
according to stimulus classes on over 90 
% of trials in one training block, the next 
phase was started. If not, Phase 2 was con-
tinued for another training block of trials. 
In Phase 3, there was a 50 % probability 
of programmed consequences and in Phase 
4 a 25 % probability. Phase shifts were 
also here initiated if the 90 % mastery 
criterion was reached, and the phase was 
continued if the mastery criterion was not 
met. Phase 5 included no programmed 
consequences. Mastery of the training trials 
with no programmed consequences over one 
training block, again meaning 90 % of trials 
corresponding to the experimenter defined 
classes, initiated the test for stimulus equiva-
lence. The maximum delay value (3000 ms or 
8000 ms) of the titration procedure remained 
in effect also in the test. In this test unrein-
forced trials that had been directly trained 
were interspersed in-between randomized 
presentations of trials testing for symmetry, 
transitivity, and global equivalence. All pos-
sible trials were repeated three times, result-
ing in 180 test trials. Stimulus equivalence 
responding was defined as responding in 
accordance with each of the relations tested 
for on more than 90 % of the trials testing 
for each relation. That meant that partici-
pants would have to respond in accordance 
with the directly trained relations on 33 out 
of 36 trials or more, respond according to 
symmetry on 33 out of 36 trials or more, 
and respond according to both transitivity 
and global equivalence on at least 98 out of 
the 108 trials testing for these relations for 
the performance to be considered an example 
of stimulus equivalence. Upon completion 
of the test, the participants were reminded 
of the possibility of continuing the next day 
and of the possibility of having a short break. 
Table 1. From the left to the right, the participant number, gender, and age of each participant is reported. 
This is followed by the number of training trials used during the first training procedure. Subsequently 
the number of responses according the directly trained relations, symmetry, and transitivity/equivalence 
out of all opportunities to respond in such a manner is presented. The number of training trials and test 
results are subsequently reported for the next two training and test procedures for each participant. Test 
results reported in bold text indicate responding within the experimenter defined mastery criterion for this 
particular relation.
# Gender Age # of tr. trials DT Sym. Trans./Global eq. # of tr. trials DT Sym. Trans./Global eq. # of tr. trials DT Sym. Trans./Global eq.
4066 M 26 612 36/36 35/36 106/108 648 32/36 34/36 93/108 720 35/36 35/36 92/108
4068 M 20 756 33/36 17/36 40/108 612 34/36 15/36 41/108 1908 31/36 12/36 40/108
4069 F 27 1620 25/36 16/36 53/108 792 21/36 18/36 54/108 684 34/36 27/36 69/108
4075 M 27 540 35/36 36/36 105/108 540 35/36 35/36 105/108 504 30/36 31/36 49/108
4080 M 24 1368 29/26 18/36 41/108 1080 24/36 18/36 38/108 468 33/36 32/36 42/108
# Gender Age # of tr. trials DT Sym. Trans./Global eq. # of tr. trials DT Sym. Trans./Global eq. # of tr. trials DT Sym. Trans./Global eq.
4063 F 23 540 35/36 30/36 84/108 504 33/36 31/36 81/108 468 33/36 35/36 105/108
4064 F 26 576 34/36 35/36 103/108 468 36/36 36/36 106/108 360 35/36 35/36 101/108
4070 M 27 864 36/36 35/36 105/108 432 36/36 34/34 79/108 396 32/36 32/36 77/108
4076 M 28 432 35/36 22/36 32/108 432 31/36 24/36 37/108 468 33/36 24/36 28/108
4079 M 23 504 35/36 34/36 102/108 396 36/36 34/36 106/108 504 36/36 36/36 107/108
A (0-3000 ms) B (5000-8000 ms) A (0-3000 ms)
B (5000-8000 ms) A (0-3000 ms) B (5000-8000 ms)
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If they chose neither, the next condition 
was started. When all three conditions were 
completed, the participants were given the 
physical copies of the stimuli again, and 
asked to categorize the three sets as they 
felt like now.
Results and Discussion
In the ABA-group Participant 4066 
chose to split his participation into two 
days, going through the first A condition in 
one day and the subsequent B and A condi-
tion on the next day. Participants 4069 and 
4080 also chose to divide their participa-
tion into two days, but these participants 
finished condition A and B on the first 
day, and then came back and went through 
re-exposure to condition A the next day. 
Participant 4068 and 4075 finished the 
experiment in one day. In the BAB-group 
Participant 4064 chose to go through the first 
exposure to condition B on one day, and then 
came back and finished the two other condi-
tions on the next day. All other participants 
in this group concluded their participation 
in one day.  In the sorting task of at the start 
of the experiment none of the participants 
categorized the stimuli according to any of 
the experimenter defined stimulus classes. 
 Table 1 displays the results for all par-
ticipants and all the three conditions each 
participant was exposed to. One way to look 
at the results is to consider participants ex-
posed to the different variations in the order 
of conditions as two different groups. 2 out 
of 5 participants responded according to 
stimulus equivalence when starting with the 
A condition (0–3000 ms titration), while 3 
out of 5 did when starting with the B condi-
tion (5000–8000 ms titration). In the third 
condition, the reversal condition, no partici-
pants exposed to the A condition responded 
according to stimulus equivalence, while 3 
out 5 participants in the B condition did so. 
As the experiment was run as a withdrawal 
design, one may also look at the effect of the 
manipulated variables in the same subject. 
Participants 4066, 4068, 4069, 4075, and 
4080 were exposed to the conditions in the 
ABA order. Participant 4066 used between 
612 and 720 trials to complete each training 
procedure. In the first test the participant 
displayed stimulus equivalence responding. 
In the second and third test, however, the 
participant failed to respond according to 
stimulus equivalence. Participant 4068 used 
756 and 612 trials to complete the first and 
second training procedure, respectively, while 
it took the participant 1908 trials to reach 
the test during the third training procedure. 
This participant did not respond according 
to stimulus equivalence on any of the tests. 
Participant 4069 used 1620 trials to complete 
the first training procedure, while finishing 
the training in less than half the number 
of trials in the second and third procedure. 
Participant 4069 did not respond accord-
ing to stimulus equivalence on any on the 
tests. Participant 4075 used between 504 
and 540 trials to reach the mastery criterion 
set for the training procedures. While this 
participant displayed stimulus equivalence 
performance on both the first and the 
second test, the participant did not do so 
on the third test. Participant 4080 com-
pleted the first and second training proce-
dure in 1368 and 1080 trials, respectively. 
In the last training procedure the test was 
reached in 468 trials. This participant did not 
respond according to stimulus equivalence 
on any of the tests. Participants 4063, 4064, 
4070, 4076, and 4079 were exposed to the 
conditions in the BAB order. Participant 
4063 completed training in between 468 
and 540 trials. No derived performance was 
detected on the first and second test, but on 
the third test she responded in line with the 
defining properties of stimulus equivalence. 
In the first, second, and third condition, 
participant 4064 used 576, 468, and 360 
trials, respectively, to complete each train-
ing procedure. This participant responded 
according to stimulus equivalence on all the 
three tests. Participant 4070 completed the 
training procedure in the first condition in 
864 trials, finished the second training proce-
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dure in 432 trials, and the third in 396 trials. In 
the first condition this participant performed 
according to stimulus equivalence, but he failed 
to do so on subsequent tests. Participant 4076 
finished the training procedures in between 
432 and 468 trials. No responding according 
to derived relations was observed during any 
of the tests. Participant 4079 used 504 trials 
to meet the mastery criterion for the training 
procedure in the first condition, 396 trials in 
the second procedure, and again 504 trials 
in the training procedure of the third condi-
tion. This participant responded according to 
stimulus equivalence in all tests.
Only two out of ten participants responded 
according to stimulus equivalence all three 
times they were exposed to a stimulus equiva-
lence test. This can be considered a low yield 
of stimulus equivalence responding, and 
replicates earlier findings concerning the use 
of an LS training structure with a simultane-
ous protocol (Arntzen et al., 2010; Arntzen & 
Holth, 1997, 2000; Buffington et al., 1997; 
Fields et al., 1997).
The results may be used to argue that includ-
ing a higher titrating delay in the prerequisite 
conditional discrimination training increase 
chance of stimulus equivalence responding. 
However, differences in behavior as a func-
tion of different experimental manipulations 
cannot be said to be very large. Participants 
exposed to the delay titrating from 5000 to 
8000 ms in the first condition display stimu-
lus equivalence responding to a larger extent 
than their counterparts starting with the 0 
to 3000 ms delay (3 out of 5 participants, 
compared to 2 out of 5, respectively). In 
addition, after both groups are re-exposed 
to the starting condition in the last stimulus 
equivalence procedure, the results on the test 
for stimulus equivalence diverge even more, 
with none of the 0–3000 ms participants re-
sponding according to stimulus equivalence, 
while 3 out 5 still do so in the 5000–8000 
ms condition. One may also argue that the 
prerequisite conditional discriminations are 
established quicker when participants start 
with a high titrating delay, and subsequently 
are exposed to a lower delay in the follow-
ing condition. None of participants starting 
with the 5000–8000 ms condition used 
more that 1000 trials to reach the test, while 
this outcome occurred several times and 
with different participants in the group 
starting with 0–3000 ms condition. The 
average number of training trials is also 
markedly higher in all conditions for the 
participants starting with the 0–3000 ms 
condition. The results can be said to rep-
licate the results of Arntzen (2006) where 
the inclusion of higher fixed delays during 
the conditional discrimination training 
was shown to be more effective in gener-
ating stimulus equivalence performance 
compared to lower delays. As the current 
study indicates that titrating delay pro-
cedures starting a 0 ms is less effective in 
generating stimulus equivalence outcomes 
than titrating delay procedures starting at 
a relatively high delay, the current results 
also support a conclusion that the differ-
ent effects of fixed and titrating delays 
observed in Arntzen et al. (2009) were 
related to variations in the participants’ 
experience with longer delays. Compared 
to procedures using a high fixed delay or 
titration procedures starting at a high delay, 
the experience with high delays is usually 
less in a titrating delay procedure starting 
at 0 ms, even when the procedure ends at 
a relatively high delay. This could explain 
the lower stimulus equivalence yields in the 
0–12000 ms titrating condition compared 
to the 12000 ms fixed condition in the 
study by Arntzen et al. (2009). In both the 
current study and in Arntzen et al. (2009) 
the increases and decreases of the delay was 
governed by performance in blocks consist-
ing only one repetition of each possible 
trial, resulting in relatively short number 
of trials with each delay of  the titration 
procedure in effect. Results may be differ-
ent if each titration block consists of more 
trials as this would increase the chance of 
the participants coming into contact with 
higher delays over more trials.
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The data can hardly support an unam-
biguous conclusion about the superiority 
of using a titrating delay procedure starting 
at a 5000 ms compared to titrating delay 
procedure starting 0 ms in either generat-
ing stimulus equivalence performance or 
in establishing conditional discriminations 
quickly. For such a conclusion to be firmly 
drawn out of the single-subject experimental 
logic of the current study, a considerable 
change of behavior should have been seen 
in the second condition for the group start-
ing with the 5000 ms to 8000 ms delays. 
That is, after being exposed to the 0–3000 
ms delay training one should have seen 
less stimulus equivalence responding and a 
higher number of training trials compared 
to the preceding and subsequent conditions 
with the higher titrating delays. Similarly, 
participants starting with the 0–3000 ms 
delay should have performed according to 
stimulus equivalence on the second condi-
tion with the 5000 to 8000 ms titrating 
delay to a larger extent and the number of 
training trials should have been lower in 
this high-value titrating delay condition. 
A clear picture of considerably changed 
performance as a function of experimental 
conditions cannot be seen in the data.  The 
most remarkable thing about these results 
is that there is no systematic positive effect 
on stimulus equivalence performance of 
previously being exposed to cycles of con-
ditional discrimination training and tests 
for stimulus equivalence. This seems to be 
the case independently of which order of 
conditions the participants were exposed 
to. It is not unreasonable to assume that 
previous exposure to stimulus equivalence 
procedures would lead to higher stimulus 
equivalence outcomes on subsequent test. 
Only Participant 4063 responds in a way 
that can be argued to represent such a pat-
tern. Most participants respond very similar 
on all three tests for stimulus equivalence, 
either by responding according to stimulus 
equivalence on all tests, as Participants 4064 
and 4079, or by responding according to 
none of the relations tested for or only 
according to the directly trained relations, 
as Participants 4068, 4069, 4076, and 
4080. The rest of the participants, 4066, 
4070, and 4075, display a negative trend 
of stimulus equivalence performance in the 
sense that a stimulus equivalence outcome is 
observed in one or more of the first two con-
ditions, but not during the final condition 
they were exposed to. The effects of several 
exposures to stimulus equivalence procedures 
alone may be obscured in Experiment 1, as 
the experiment included manipulations of 
the temporal value between sample disap-
pearance and comparison appearance. To 
examine the effects of repeated exposure to 
stimulus equivalence procedures directly, a 
second experiment was conducted.
Experiment 2
It has been suggested that stimulus 
equivalence is difficult to study using single-
subject designs, as there is a potential for 
carry-over effects from one condition to the 
other (Arntzen & Vaidya, 2008). The term 
carry-over effect is a very general term and 
can be defined as the influence exposure 
to one experimental condition has on ex-
perimental conditions that are introduced 
at a later point in time. Carry-over effects 
can make it difficult to assess the effects 
of manipulated variables in single-subject 
experimental designs, as the effects of the 
independent variable cannot be sufficiently 
isolated. The presence of carry-over effects 
have been pointed out as shortcoming of sin-
gle-subject designs, especially by proponents 
of group-designs (Barlow, Nock, & Hersen, 
2009). It does seem possible that something 
similar to a carry-over effect will also occur 
when exposing the same participant repeat-
edly to an identical stimulus equivalence 
procedure. Experiment 2 was carried out 
to examine effects of repeated exposure to 
stimulus equivalence procedures by having 
each participant take part in an identical test 
and training procedure three times.
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Method
A 57-year-old woman and a 24-year-old 
man participated in Experiment 2. These 
two participants were assigned the numbers 
4078 and 4082, respectively. All procedural 
variables were identical to Experiment 1 with 
one exception: In Experiment 2, the two par-
ticipants were exposed to same titrating delay 
procedure three times. Participant 4078 was 
exposed to the 0–3000 ms titrating delay pro-
cedure three times, while Participant 4082 
was exposed to the 5000–8000 ms titrating 
delay procedure. Note that three different sets 
of stimuli were used also in this experiment, 
one unique set for each time the procedure 
was run for each participant.
Results and Discussion
Participant 4078 went through the 
first stimulus equivalence procedure in 
one day and concluded her participation 
by completing the two additional test-
training procedures the following day. 
Participant 4082 finished the experiment 
in one day. Neither of the two participants 
sorted the printed copies of the experimental 
stimuli according to any of the experimenter 
defined stimulus classes.
The results from Experiment 2 can be 
seen in Table 2. Participant 4078 completed 
the first training procedure in 2124 trials, the 
second in 864 trials, and the third in 1296 
trials. This participant did not respond ac-
cording to stimulus equivalence on any of 
the tests. Participant 4082 used between 324 
and 432 trials to complete the training proce-
dures. The participant responded according 
to stimulus equivalence on the second and 
the third test. 
It can be argued that Experiment 2 
replicated the results from Experiment 1 
concerning the differential effects of high 
and low starting points of the titrating de-
lay. Participant 4082, who experienced the 
5000–8000 ms titration procedure three 
times, has a lower number of training trials 
in all procedures compared to Participant 
4078, who was trained using the 0–3000 
ms procedure. In addition, while derived 
responding is evident in all tests for the 
participant being trained and tested with the 
higher delay, such responding is completely 
absent for the participant experiencing the 
lower delay. The results from Experiment 2 
also replicate the results from Experiment 
1 in the sense that repeated exposure to 
stimulus equivalence training procedures 
and tests have limited influence on respond-
ing according to the defining properties of 
stimulus equivalence. For both participants, 
the same pattern of responding on stimulus 
equivalence tests is repeated all three times 
they experience the experimental procedure. 
With the exception of the lack of transitiv-
ity/equivalence responding on the first test 
of participant 4082, and the subsequent 
stimulus equivalence outcome on the lat-
ter tests, the repeated exposure to stimulus 
equivalence procedures does not seem to have 
either a negative or a positive effect on the de-
rived performance of these two participants.
General Discussion
In Experiment 1 we examined whether 
differential effects on the behavior of the 
same participant could be obtained as a 
function of the starting point of titrating 
delays between sample disappearance and 
comparison presentation when establish-
ing conditional discriminations prereq-
uisite to tests for stimulus equivalence. 
# Gender Age # of tr. trials DT Sym. Trans./Global eq. # of tr. trials DT Sym. Trans./Global eq. # of tr. trials DT Sym. Trans./Global eq.
4078 F 57 2124 28/36 25/36 58/108 864 35/36 31/36 71/108 1296 25/36 23/36 42/108
# Gender Age # of tr. trials DT Sym. Trans./Global eq. # of tr. trials DT Sym. Trans./Global eq. # of tr. trials DT Sym. Trans./Global eq.
4082 M 24 432 36/36 36/36 95/108 360 33/36 34/36 107/108 324 36/36 35/36 106/108
A (0-3000 ms) A (0-3000 ms) A (0-3000 ms)
B (5000-8000 ms) B (5000-8000 ms) B (5000-8000 ms)
Table 2. See text for Table 1.
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The delays varied either from 0–3000 ms or 
from 5000–8000 ms. Results from Experi-
ment 1 give some support to the notion that 
starting a titration procedure at a high delay 
has a facilitative effect on the speed of the 
establishment of conditional discriminations 
and on the formation of stimulus equivalence 
classes. The results cannot, however, be inter-
preted as an unambiguous demonstration of 
this, as considerable changes in the behavior 
of participants do not occur as a result of 
the exposure to the different experimental 
manipulations. The most interesting finding 
in Experiment 1 was that the performance 
of most of the participants was similar on all 
three tests for stimulus equivalence. Experi-
ment 2 was set up in an effort to look directly 
at the effects of repeated exposure to the same 
stimulus equivalence procedure. The results 
indicate that previous exposure to the same 
stimulus equivalence procedure has limited 
impact when looking at performance in tests 
for stimulus equivalence in single-subject 
experimental procedures. 
As there are some indication that DMTS 
training procedures with relatively high 
fixed delays facilitate stimulus equiva-
lence responding (Arntzen, 2006), such 
procedure may be useful to apply as an 
alternative to SMTS in cases where stimu-
lus equivalence does not easily emerge. 
Although there are no studies that directly 
explore this issue, it is not unreasonable to 
assume that some learners, as children or 
persons with learning disabilities, may have 
difficulties in initially mastering DMTS tasks 
with high delays. A gradual and individual-
ized approach to high delay values in the 
form of titration may therefore be a very 
potent way to facilitate stimulus equivalence 
performance in these groups of learners. 
For this reason we think it could be a fertile 
venture to further explore how to maximize a 
facilitative effect of titrating delays on stimu-
lus equivalence performance. Specifically 
we think that further studies should explore 
the effects of increasing the number of trials 
participants are exposed to at each step of the 
titration procedure in order to secure stable 
performance on a wide range of delay values 
at the pace of the individual learner.
Several studies have looked at the impact 
of previous exposure to stimulus equivalence 
procedures on subsequent stimulus equiva-
lence responding. Some studies have used 
a simple-to-complex protocol to establish 
stimulus equivalence classes prior to training 
a second set of conditional discriminations 
using a simultaneous protocol. These stud-
ies have used a LS training structure. When 
employing this training structure the simple-
to-complex protocol is correlated with a high 
number of participants responding according 
to stimulus equivalence, while the simultane-
ous protocol is correlated with low stimulus 
equivalence yields in combination with an LS 
training structure. Results from these studies 
with adult participants indicate that prior 
establishment of stimulus equivalence classes 
with a simple-to-complex protocol increase 
the probability of subsequent stimulus equiva-
lence performance following simultaneous 
protocol training (Buffington et al., 1997; 
Fields et al., 1997). This phenomenon can 
be considered a carry-over effect. One related 
study also shows that the critical prerequisite 
for the establishment of stimulus equivalence 
classes was previous exposure to a test for 
derived responding that involved transitivity 
trials. Effects were greatly diminished when 
pre-training only consisted of conditional 
discrimination training (Fields et al., 2000). 
There have also been investigations into the 
development of conditional discriminations 
and stimulus equivalence responding without 
differential reinforcement following prior 
exposure to prerequisite training and tests 
for stimulus equivalence. When children and 
developmentally disabled adults have per-
formed this task, the general finding is that 
responding consistent with the development 
of conditional discriminations does occur, and 
that stimuli involved in these unreinforced 
selections may be part of stimulus equivalence 
classes (Saunders, Drake, & Spradlin, 1999; 
Saunders, Saunders, Kirby, & Spradlin, 1988). 
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This suggests that there is a carry-over ef-
fect of the previous exposure to stimulus 
equivalence procedures in the sense that 
a behavioral pattern is continued in the 
unreinforced conditional discrimination 
task and the test for stimulus equivalence. 
These results can, however, be contrasted 
with a study by Holth and Arntzen (2000) 
where an adult participant was exposed to 
an identical stimulus equivalence procedure 
involving a simultaneous protocol a total of 
nine times. Following this, new conditional 
discriminations were trained using a differ-
ent set of stimuli with an otherwise identical 
procedure, and a test for stimulus equivalence 
was again administrated. This participant did 
not respond according to stimulus equiva-
lence on any of the tests despite the extensive 
experience with the procedure. Other studies 
that have not specifically looked at extended 
exposure to stimulus equivalence procedures, 
but have examined other experimental 
variables by exposing the same participant 
to different experimental conditions, have 
also found little effect of re-exposure. For 
example, Smeets and Barnes-Holmes (2005) 
exposed children to different combinations 
of training structures and stimulus materials 
in a stimulus equivalence procedure. Subse-
quently some of the children were trained 
and tested again using a different training 
structure and a different type of stimuli than 
they had previously been exposed to. All chil-
dren who failed to show stimulus equivalence 
responding during the first test, also failed 
to do so after a second training procedure, 
and only 3 out of 4 children who responded 
according to stimulus equivalence during the 
first test still did so in the second procedure.
One question is whether the current 
results have come about because effects of 
extended exposure to stimulus equivalence 
procedures are limited or because some 
behavior is established during the first test 
that leads to a lack of necessary behavior 
change on the subsequent tests for stimulus 
equivalence. One line of research that may 
suggest the latter is a series of studies by 
Pilgrim and Galizio (1990, 1995) on the 
effects reversing directly trained contingen-
cies on later stimulus equivalence tests. In 
these studies adult participants were exposed 
to changed contingencies in the prerequisite 
conditional discriminations following the 
establishment of stimulus equivalence classes. 
After the reversal training, which involved the 
same stimuli as in the previously established 
stimulus equivalence classes, particpants were 
again tested for stimulus equivalence. While 
novel conditional responding was established 
and symmetry performance changed accord-
ing to the reversed contingencies, respond-
ing remained consistent with the original 
stimulus equivalence classes on trials testing 
for transitivity. Pilgrim and Galizio (1995) 
suggests that the results may have occurred 
because some sort of rule-governance estab-
lished during the first test made participants 
insensitive to prevailing contingencies dur-
ing the second test for stimulus equivalence. 
If so, one is actually dealing with a carry-over 
effect that may inhibit stimulus equivalence 
class formation for some participants and 
not a lack of effect of extended exposure 
to stimulus equivalence training and test 
procedures. The contingency reversal studies 
must necessarily, however, employ the same 
stimulus set in all training procedures and 
tests for stimulus equivalence. Because of 
this the results may not be relevant to take 
into account to explain the results in current 
experiments, where new stimulus classes 
involving novel stimuli are established in 
each of the stimulus equivalence procedures.
Further studies on the use of sample-
comparison delays in stimulus equivalence 
procedures should include using fixed 
delays of similar delay values as the spec-
trum of titrating delays used in the current 
study. This would illuminate the possible 
differential effects of using titrating and 
fixed delays in stimulus equivalence pro-
cedures. One may also conduct studies 
that include both conditions with titrating 
delays and conditions with fixed delays 
in a within-subject experimental design. 
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One obvious way to further approach the 
issue of the effects of repeated exposure to 
stimulus equivalence procedures is to run 
direct replications of Experiment 2 to see 
if the outcome will be similar. A systematic 
replication should also be conducted where 
the same stimulus set is used in all three 
training-test repetitions. In general, those 
participants who do not respond according 
to stimulus equivalence in stimulus equiva-
lence experiments should more often be re-
exposed to the training procedure and then 
tested again for derived relations. This will 
provide further knowledge of the effects of 
repeated exposure to stimulus equivalence 
procedures, which would be of great value if 
one wishes to study the phenomenon using 
single-subject designs.
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